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ABSTRACT 

The  award  enabled  the  PI  to  acquire  a  complete  cryogenic  system  with  a  9-Tesla  superconducting  magnet.  The  equipment  facilitated 
transport  experiments  on  topological  insulators  and  Dirac  and  Weyl  semimetals.  These  experiments  resulted  in  several  notable  achievements 
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Scientific  Progress 

Acquisition  of  the  cryogenic  system  with  a  9-Tesla  superconducting  has  provided  a  strong  boost  to  the  productivity  of  Ong's 
group  at  Princeton  in  their  research  on  the  transport  properties  of  topological  insulators  and  Dirac  and  Weyl  semimetals 
(supported  by  Army  Research  Office  Grants  W911NF-1 2-1 -0461  and 
W91 1 NF-1 1-1-0379).  The  three  main  findings  facilitated  by  the  cryogenic  system  are 

i)  In-situ  low-temperature  tuning  of  the  chemical  potential  in  the  topological  insulator  using  ionic  liquid  gating.  The  intense 
electric  field  applied  results  in  band  bending  that  moves  the  Fermi  energy  of  the  surface  states.  In  a  14-Tesla  magnetic  field,  the 
n  =  1  Landau  level  was  accessed.  The  index  plot  determined  the  pi-phase  shift  of  the  quantum  oscillations  expected  from  Dirac 
states. 

ii) A  very  large  magnetoresistance  (MR)  was  discovered  in  the  candidate  topological  material  WTe2.  At  4  Kelvin,  the  MR 
increased  as  B''2  to  over  a  million  percent  showing  no  sign  of  saturation  up  to  fields  of  65  Tesla.  This  is  possibly  the  first  non¬ 
saturating  MR  observed  to  such  high  fields.  It  possibly  arises  because  of  the  perfect  compensation  (electron  and  hole 
populations)  protected  by  topological  properties  of  the  electronic  bands. 

ill)  In  the  Dirac  semimetal  NaSBi,  a  very  unusual  negative,  longitudinal  magnetoresistance  was  observed  at  4  K.  By  varying  the 
field  direction  relative  to  the  applied  current  it  was  confirmed  that  the  LMR  is  the  long-sought  chiral  anomaly  (predicted  in  1983). 
The  anomaly  arises  from  the  mixing  between  Weyl  states  of  opposite  chiralities  induced  by  applying  parallel  magnetic  and 
electric  fields.  It  was  first  discovered  theoretically  in  the  study  of  the  rapid  decay  of  neutral  pion  particles. 
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Acquisition  of  the  cryogenic  system  with  a  9-Tesla  superconducting  has  provided  a  strong  boost  to  the 
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i)  In-situ  low-temperature  tuning  of  the  chemical  potential  in  the  topological  insulator  using  ionic  liquid 
gating.  The  intense  electric  field  applied  results  in  band  bending  that  moves  the  Fermi  energy  of  the 
surface  states.  In  a  14-Tesla  magnetic  field,  the  n  =  1  Landau  level  was  accessed.  The  index  plot 
determined  the  pi-phase  shift  of  the  quantum  oscillations  expected  from  Dirac  states. 

ii) A  very  large  magnetoresistance  (MR)  was  discovered  in  the  candidate  topological  material  WTe2.  At  4 
Kelvin,  the  MR  increased  as  B^2  to  over  a  million  percent  showing  no  sign  of  saturation  up  to  fields  of  65 
Tesla.  This  is  possibly  the  first  non-saturating  MR  observed  to  such  high  fields.  It  possibly  arises  because 
of  the  perfect  compensation  (electron  and  hole  populations)  protected  by  topological  properties  of  the 
electronic  bands. 


iii)  In  the  Dirac  semimetal  NaSBi,  a  very  unusual  negative,  longitudinal  magnetoresistance  was  observed 
at  4  K.  By  varying  the  field  direction  relative  to  the  applied  current  it  was  confirmed  that  the  LMR  is  the 
long-sought  chiral  anomaly  (predicted  in  1983).  The  anomaly  arises  from  the  mixing  between  Weyl  states 
of  opposite  chiralities  induced  by  applying  parallel  magnetic  and  electric  fields.  It  was  first  discovered 
theoretically  in  the  study  of  the  rapid  decay  of  neutral  pion  particles. 

iv)  Recently,  the  cryogenic  station  has  enabled  a  new  series  of  experiments  which  explores  SQUID 
junctions  in  which  a  supercurrent  is  injected  from  a  superconductor  A1  into  a  ferromagnetic  film  Ni. 
Previous  attempts  observed  that  the  supercurrent  decays  after  a  few  0. 1  nm.  By  inserting  a  thin 
intervening  layer  of  a  spiral  magnet  (Ho),  we  have  confirmed  that  the  singlet  supercurrent  can  be 
converted  to  a  triplet  supercurrent  that  exists  for  several  1 00  nm  in  Ni  (this  confirms  a  previous  report  by 
Robinson  et  ah.  Science  2010).  Extending  their  results,  Ong’s  group  has  shown  that  it  is  possible  to  rotate 
the  plane  of  the  spins  of  the  triplet  pair.  These  ongoing  experiments  seem  very  promising  for  investigating 
triplet  supercurrents  in  both  ferromagnets  and  Weyl  metals. 
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